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Abstract. In this work, we couple Pb-Pb events simulated with the
PYTHIA Angantyr event generator at
√
sNN = 2.76 and 5.02 TeV with
the hadronic cascade simulator UrQMD to study the effect of the hadronic
phase on observables such as charged-particle multiplicity densities, trans-
verse momentum spectra and identified particle ratios, giving special
emphasis to short-lived resonances.
The extreme conditions reached in ultra-relativistic heavy-ion collisions at the
LHC are expected to produce a state of matter in which quarks and gluons are
deconfined, the quark-gluon plasma (QGP). As a consequence, several features,
such as elliptic flow and chemically equilibrated particle production, are expected
and observed in these collision systems. However, it has to be noted that, once
hadronization takes place, inelastic and elastic interactions may still take place.
A proper distentanglement of the effects of this final hadronic phase and any
features emerging from previous stages of the system evolution is fundamental
to the understanding of heavy-ion collisions.
1 The used models
To characterize the hadronic phase, we couple the PYTHIA Angantyr model [1,2]
to the hadronic cascade simulator UrQMD [3]. The Angantyr model is based on
the wounded nucleon model [4], and as such on a Glauber model. In Angantyr,
several additions to the original model has been made. The full nucleon–nucleon
scattering amplitude is parametrized, allowing for a distinction between nucleons
which are elastically scattered, diffractively excited or participating with colour
exchange from both nucleons, denoted absorptively scatterred. All parameters
in the parametrization of the scattering amplitude are fitted to the total and
semi-inclusive cross sections in pp collisions. The parameters of the PYTHIA
models for multiparton interactions (MPIs) [5], hadronization, parton showers
as well as parton density functions, are all fixed in e+e−, ep and pp collisions.
In a pp collision, MPIs are selected by the 2 → 2 perturbative parton–parton
CB was supported by Swedish Research Council, contract number 2017-003. AV,
DDC and JT were supported by FAPESP grant 2017/05685-2.
ar
X
iv
:1
91
1.
12
82
4v
1 
 [n
uc
l-t
h]
  2
8 N
ov
 20
19
2 A.S. Vieira et al
scattering cross section. Since this cross section has a 1/p4⊥ divergence, it is reg-
ulated by one of the aforementioned parameters of the MPI model. In a heavy
ion collision, a single projectile nucleon can interact absorptively with several
target nucleons. In such cases, shadowing effects must be taken into account. In
Angantyr this is done by ordering absorptively wounded nucleons into two cate-
gories, using the following strategy. All possible nucleon–nucleon interactions are
ordered in increasing nucleon–nucleon impact parameter. Going from smallest
to largest impact parameter, the nucleon pairs are labelled primary if neither of
the nucleons have participated before, and secondary if one of the nucleons have
previously participated in an interaction. The primary interactions are modelled
as a normal inelastic non-diffractive collision. A secondary interaction is treated
as only a single wounded nucleon, with inspiration from the Fritiof model [6],
where a wounded nucleon contributes to the final state as a string with a mass
distribution ∝ dM2/M2, similar as the modelling of diffractive excitation. In-
stead of using a single string, as the original Fritiof program did, Angantyr allows
for MPIs in secondary collisions, by treating the system as a collision between
a nucleon and an Ingelman–Schlein Pomeron [7], followed by a (perturbative)
parton shower. The nucleon–Pomeron scatterings are adjusted to look as nor-
mal inelastic non–diffractive nucleon–nucleon scatterings in the direction of the
wounded nucleon. Furthermore, secondary collisions are rejected in cases where
they would break overall energy–momentum conservation. This has the effect
that not all possible nucleon–nucleon interactions from the Glauber calculation,
are in fact realized in the generation of a final state.
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Fig. 1. (left) Ratio of pT spectra with hadronic interactions and without interactions
in various centrality classes and (right) RAA in two selected centrality classes in Pb-Pb
at 2.76 TeV. Data on the right plot are from [8].
As such, the Angantyr framework produces hadronic final states of heavy ion
collisions (pA and AA), without any free parameters, as all are fixed by data
from smaller collision systems. It should be noted that this treatment generates
a heavy ion final state with no effects from a potential QGP, thus providing a
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baseline for tests of various models for collectivity. The recent models for “Rope
hadronization” [9] and “String shoving” [10] implemented in Pythia, are not
included in any results of these proceedings. The final state hadrons are assigned
spatial vertices calculated in the string model [11]. These spatial vertices are then
passed on to UrQMD, leading to a complete model of a heavy-ion collision in
which no equilibrium is assumed.
2 Results
In order to test if this simulation chain describes heavy-ion collision data ade-
quately, we compare predictions of the basic observables dNch/dη and 〈pT〉 to
ALICE measurements [12]. While the dNch/dη is within 10% of the measured
values, the 〈pT〉 exhibits stronger deviations due to the absence of radial flow.
The corresponding plots have been omitted for brevity.
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Fig. 2. The flow coefficients v2{2} and v2{4}
from Pythia8/Angantyr + UrQMD (blue and
red), as well as v2 extracted from fit of the
dNch/d∆φ distribution, all as function of cen-
trality. Compared to data from ALICE [13].
To further characterize the ef-
fect of the hadronic phase, we
study how the pT-differential spec-
tra of charged particles are al-
tered by hadronic scattering in
UrQMD by calculating the ratio
of the pT spectra obtained when
scattering is allowed to the spec-
tra obtained when only decays oc-
cur in the hadronic phase. As can
be seen in Fig. 1, hadronic inter-
actions are seen to reduce high-
pT yields rather significantly, with
the effect being most pronounced
around 5 GeV/c. In addition, a mi-
nor radial-flow-like effect can be
seen at low-pT, where very low mo-
mentum particles are pushed to a
momentum of about 1.5 GeV/c.
The observation that high-pT is
suppressed in this way prompts the
calculation of the nuclear modification factor RAA, shown in Fig. 1 for two
selected centralities and for PYTHIA+UrQMD calculations with and without
hadronic interactions. For this calculation, the same framework was used to de-
termine particle spectra in pp collisions at
√
s = 2.76 TeV and the number of
binary collisions is taken to be the one calculated by the ALICE experiment [14].
While for low pT the RAA from simulations fails at describing the measurement,
the model matches data above a pT of 6 GeV/c. Quantitatively, two contribu-
tions lead to this correct description of the RAA:
a) Angantyr does not follow normal Ncoll scaling. As explained in section 1, the
number of binary collisions does not enter as a scaling parameter, as shadowing
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effects are included by treatment of secondary wounded nucleons.
b) UrQMD further modifies the RAA, through rescattering effects, to precisely
reproduce the minimum at around 5-6 GeV/c.
Furthermore, the model is also seen to exhibit a progressively smaller high-pT
suppression for increasing pT. In the framework of the hadron vertex model, this
is understood to be a consequence of high-momentum particles originating from
boosted jet-like structures that hadronize progressively further away from the
bulk of particles created in a heavy-ion collision. Another observable commonly
used to characterize heavy-ion collisions is the anisotropic flow, quantified via
the flow coefficients vn. The leading elliptic flow term, v2, is shown in Fig. 2
as a function of centrality in Pb-Pb collisions at 2.76 TeV simulated with the
PYTHIA+UrQMD chain. The v2 has been calculated in two distinct ways: first,
with a fit to the azimuthal particle distribution with respect to the simulated
event plane dNch/d∆φ, and then also using 2- and 4-particle cumulants following
ref. [15]. If no hadronic interactions take place, particle production is seen to ex-
hibit no correlation with the event plane as expected. However, if hadronic scat-
tering is enabled, a substantial amount of elliptic flow builds up in the hadronic
phase, reaching around 50-60% of the values measured by ALICE [13], which is
consistent with observations from earlier studies using UrQMD [16]. The elliptic
flow estimated via 4-particle cumulants v2{4} matches the one calculated via a
fit to the dNch/d∆φ distribution in 0-50% collisions, indicating that it is well
correlated with initial hadronic geometry, while for more peripheral events this
correlation with the simulated event plane becomes weaker, indicating that the
non-zero v2{2} and v2{4} in peripheral events is due to non-flow contributions
such as dijet structures. Therefore, even in the absence of initial hadronic flow,
hadronic interactions may build up a substantial amount of elliptic flow. Further
studies are needed to determine the exact level of flow that would have to be
present at hadronization time so as to be able to reproduce measurements from
ALICE.
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